. Improving the design of AAC technologies is definitely an important consideration; furthermore, it is a component of AAC intervention that is relatively easy to change. McNaughton and Light (2013) challenged the AAC field to capitalize on the potential offered by mobile and other innovative technologies for greater functionality, integration, and interconnectivity to enhance the communication and participation of individuals with complex communication needs and their partners. As part of the special issue of Augmentative and Alternative Communication on the state of the science, this paper focuses on examples of recent research and development that capitalize on these advances, with a specific focus on new and emerging AAC technologies that are developmentally appropriate; research-based; and responsive to the individual interests, needs, and skills of children with complex communication needs, their families, peers, and other communication partners. Traditionally, the AAC field has focused on applications of technologies to support individuals with complex communication needs to the neglect of the needs of parents, service providers, peers, and other communication partners. Yet it is well recognized that successful communication depends on both participants (Kent-Walsh, Murza, Malani, & Binger, 2015) . Therefore, this paper also explores ways to harness the power of AAC technologies to support parents, service providers, and other partners. The goals are to review the state of the science (i.e., the research evidence to date) and define future research directions related to new and emerging AAC technologies as supports for children with complex communication needs and their communication partners. Specifically, we focus on AAC supports to: (a) enhance language learning, (b) facilitate social interaction, (c) improve literacy skills, (d) increase participation in society, and (e) teach partner interaction strategies. Table 1 outlines goals for AAC intervention and examples of effective AAC technology supports for target groups of children with complex communication needs. Table 2 provides examples of intervention goals and AAC technology supports for parents and other communication partners.
AAC technologies to support children's language learning
Trevor 2 is 16 months old. He has Down syndrome and lives at home with his parents, his older brother, and their dog. Trevor enjoys playing outdoors and he loves his dog. He has no functional speech and produces a limited range of sounds. He uses a few signs (i.e., DOG, BANANA, MORE) to communicate. He has a very limited expressive vocabulary and communicates primarily to express needs and wants. How can we design AAC supports to enhance Trevor's language learning?
The challenge
For young children like Trevor, who are at the "first words" stage of language learning, it is critical that intervention focuses on the development of language skills, including the acquisition of a wide range of vocabulary concepts to express a range of communicative functions. Often, AAC interventions for beginning communicators focus primarily on teaching requests for objects or activities to the neglect of social closeness and commenting/exchanging information; they introduce a limited range of vocabulary concepts (Beukelman & Mirenda, 2013) . In contrast, Light and Drager (2007) argued that AAC technologies should be designed to better support young children in learning a wide range of new language concepts to express a wide range of semantic relations and communicative functions. In typical development, young children learn language concepts within the contexts of their daily interactions during meaningful and motivating activities (Light, 1997) . Within their daily interactions, they are exposed to a wide range of spoken language concepts: Children demonstrate interest in people, objects, activities, and other relations; communication partners respond to them and provide models of relevant words; children are able to choose words of interest to them from the input provided and then try them out immediately in context; their partners provide feedback, allowing the children to fine tune their understanding and use of these new vocabulary concepts (Warren & Brady, 2007) . Traditionally, it has been difficult to support children's language-learning processes via AAC. Many AAC technologies utilize AAC symbols that may not be readily understood by beginning communicators (McCarthy, Benigno, Broach, Boster, & Wright, 2018) ; the symbols are decontextualized and presented in isolation in a grid layout of rows and columns. Research by Trudeau, Sutton, and Morford (2014) demonstrated that young children with typical development have significant difficulty understanding and expressing even basic messages via these AAC graphic symbols, despite well-developed underlying language skills, suggesting that these AAC systems pose substantial learning demands that may limit, rather than facilitate, language learning for beginning communicators.
Challenges for partners programming vocabulary
In addition to the learning demands for children, it is often time consuming and difficult for parents and professionals to programme many AAC technologies with relevant vocabulary, so they may only add vocabulary infrequently. Sometimes, to circumvent programming demands, professionals recommend teaching core vocabulary (i.e., a small set of words-such as I, you, no-reported to be frequently used 3 by individuals without disabilities; Beukelman & Mirenda, 2 The cases represent composites based on the authors' clinical and research experiences. All personally identifying information has been removed to protect confidentiality. 2013). However, this core vocabulary does not carry the main meaning of the message; these words are not developmentally appropriate at the early stages of language development. As Mirenda (2014) noted, there is no published research that supports the effectiveness of teaching core vocabulary as a means to enhance language learning with children who use AAC, despite its widespread use clinically. If diverse vocabulary representing a range of concepts is not added to AAC technologies as frequently as required, this lack of vocabulary will serve as an external constraint on the language learning and conceptual development of young children with complex communication needs. Vocabulary use at an early age is a strong predictor of the development of cognitive skills, literacy learning, and educational achievement (e.g., Hart & Risley, 2003) . Children require access to a large and varied vocabulary to support language development and communication (e.g., people, actions, descriptors, social words, nouns such as names of animals, toys, places, vehicles, etc.; Fenson et al., 2007; Hart & Risley, 2003; Rowe, 2012) .
Because of operational demands, when new vocabulary is added to AAC technologies, the programming typically occurs offline, away from the interactions where young children learn language. Parents and other partners often struggle to accurately anticipate their children's needs and interests outside of meaningful interactions so that often the vocabulary added may not reflect the developmental needs and interests of the children. As a result, it is difficult for parents and other partners to respond to children's interests and needs in the moment during daily interactions; they are not able to capitalize on many of the naturally-occurring opportunities for language learning. The research clearly shows that partner responsivity is a critical component of language learning (Warren & Brady, 2007) . Unfortunately, traditional AAC technologies with multi-step programming demands may not support partner responsivity. 
Challenges for children participating in vocabulary selection
Current AAC technologies are not designed to empower young children with complex communication needs in their vocabulary acquisition. Programming traditional AAC technologies is a complex, multi-step process that requires well developed meta-linguistic skills, precluding the involvement of children at the early stages of language development. Usually, vocabulary is selected by professionals or parents, and communication displays are preprogrammed by others with little input from the beginning communicator. In contrast, " … typically developing children are able to choose, store, and retrieve new words while they are actively responding to and manipulating their environments" (Sturm & Clendon, 2004; p.78) .
Visual scene displays and just-in-time programming to support language learning
Visual scene displays (VSDs)
Light and colleagues proposed the use of VSDs 4 to support language learning by young children and older beginning communicators with complex communication needs, specifically to support early semantic development (Light & Drager, 2007; Light & McNaughton, 2012) . VSDs are photographs of meaningful and motivating events within the communicator's life. Figure 1 provides an example of a VSD that might be used by a child to communicate about the family's dog. The language concepts that are typically used within the activity are embedded within the scene as hotspots. The child selects the hotspot and the word or phrase is spoken out. (See Light, Wilkinson et al. (2019) for a discussion of research on the design of AAC displays to reduce visual cognitive processing demands and enhance performance.) VSDs may offer a number of potential advantages for beginning communicators who are at the early stages of symbolic development (i.e., those that are learning first words and developing early semantic relations). They capture the social interactions that are the contexts in which young children learn language and communication skills and they replicate these contexts within AAC systems, thus providing visual contextual supports for the children's language learning and use (Light & McNaughton, 2012) . VSDs preserve functional as well as visual relationships (i.e., proportional size, location) between people and objects as they are experienced in the real world, thus providing greater support for young children's comprehension and use. They may support access to language concepts via episodic, not just semantic, memory because they capture events actually experienced by the children. VSDs also offer visual processing advantages as they exploit the human capacity for rapid visual processing of naturalistic scenes (Light & McNaughton, 2012; Light, Wilkinson et al., 2019) .
In order to serve as effective supports for language learning, VSDs must provide access to developmentally appropriate, meaningful, and motivating vocabulary. It is important to note that the process of vocabulary selection is independent of decisions about organization/layout within AAC displays; grid displays or VSDs may or may not include appropriate vocabulary for beginning communicators depending on the decisions made by service providers and parents. Although there is nothing inherent within a VSD that guarantees appropriate vocabulary selection, the research clearly demonstrates that VSDs drive visual attention to the key concepts within the interaction (i.e., concepts related to familiar people and shared activities; Wilkinson & Light, 2014) . These are the early emerging concepts typically acquired by young children, thus supporting developmentally appropriate vocabulary selection.
Just-in-time (JIT) programming
Recent research and development have led to the development of AAC apps on mobile technologies that support quick and easy programming of VSDs and hotspots so that new vocabulary can be provided on the fly or "just-in-time" during daily interactions (i.e., as the need and interest arise; Jakobs, 2009), in keeping with how beginning communicators learn new concepts. Schlosser et al. (2016) discussed a range of JIT supports for individuals with developmental disabilities, including prompts or reminders. The current paper focuses only on VSD apps that support JIT programming 5 of vocabulary to enhance language learning. These apps allow parents and professionals to (a) take photos or videos (using an onboard camera) to capture events or experiences within Figure 1 . An example of a VSD for a young child to communicate about getting kisses from the family dog. He might select hotspots of: (a) his own face to say "me" (or his name); (b) his dog's head to say "doggie" (or the dog's name) with the sound effect of a dog barking; or (c) their noses to say "kissing" with the sound effect of kissing. 4 There are many AAC apps that support the use of visual scene displays (VSDs), available from a wide range of AAC manufacturers/app developers. If AAC apps are to effectively support just-in-time (JIT) programming, adding new VSDs, hotspots, and vocabulary must require only a minimal number of steps. a child's life as they occur; (b) import these photos quickly into the AAC app as VSDs during the interaction; (c) add hotspots quickly by drawing on the screen using a finger or stylus; and (d) record speech output for these hotspots providing access to new vocabulary immediately as it is required. JIT programming capability is intended to ensure that parents and professionals can easily respond to a child's interests by adding relevant vocabulary, thereby capitalizing on the teachable moments that occur during interactions with him or her throughout the day.
The research evidence
Research has investigated the effects of VSDs with and without JIT programming. This research supports the benefits of VSDs to enhance comprehension, expression, and language learning. It should be noted that this research has investigated VSDs that have varied in terms of their design and composition (e.g., line drawings or photos, personalized or non-personalized). Recent research has established empirically based clinical guidelines for designing VSDs for children with complex communication needs (see Light, Wilkinson et al., 2019 , for these guidelines).
The research has demonstrated that young children (24-27 months) are able to learn to use VSDs successfully with relatively few instructional opportunities (Olin, Reichle, Johnson, & Monn, 2010) . Furthermore, young children with typical development (29-35 months) are more accurate using VSDs to locate vocabulary concepts than using traditional AAC technologies with grid displays (Drager, Light, CurranSpeltz, Fallon, & Jeffries, 2003) . Gevarter et al. (2014) found that two 3-year-old children with ASD demonstrated more rapid and consistent acquisition of requests for objects using photo VSDs compared to traditional AAC symbols, and a third demonstrated no difference across the different display types. Gevarter et al. (2018) extended this research and compared the effects of a taxonomic grid display to a schematic VSD or hybrid display with four children with ASD (aged 4-8). Three of the participants reached mastery making requests with the schematic, but not the taxonomic, display; the fourth met criterion with both displays but only demonstrated generalization with the schematic VSD. Ganz, Hong, Gilliland, Morin, and Svenkerud (2015) compared communication with VSDs to exchange-based communication with two 5-year-old children with ASD: One of the participants did not demonstrate any of the target communicative behaviours in either condition, but the other quickly learned to use VSDs to communicate and was much more apt to use this system throughout the intervention to comment spontaneously and to respond to questions. Schlosser et al. (2013) found that VSDs/video VSDs were effective means to supplement spoken language input to support the comprehension of directives by children with ASD.
VSDs with JIT programming and children's language learning Light et al. (2016) investigated the effects of a VSD app with JIT programming using a multiple baseline across participants design with five children with complex communication needs (aged 15-33 months) in home and daycare settings with their primary caregivers. The participants (who had diagnoses of Down syndrome, motor impairment, or ASD) all demonstrated significant increases in the frequency of their communication from means of 0-17 turns in 15-min interactions at baseline to means of 23-47 turns during intervention with the VSD app with JIT programming (gains of þ22 to þ43 turns across participants). The intervention was found to be highly effective for four of the five participants (percentage of non-overlapping data, PND, of 100%) and effective for the fifth (PND ¼ 89%), despite this participant's multiple health problems and hospitalization during the intervention. All of the children also increased significantly the number of unique concepts that they expressed from means of only two to six unique concepts at baseline to means of 13-21 unique concepts during intervention using the VSD app with JIT programming (gains of þ9 to þ21 unique concepts per 15-min interaction). The intervention was found to be highly effective at increasing the number of unique vocabulary concepts expressed by all of the participants (PND ¼ 100%). Moreover, they communicated to express a greater range of functions, including comments and social expressions as well as requests. Parents and daycare staff had no difficulty learning to programme the app and were able to extend implementation of the app and maintain its positive effects at least 1-2 months post-intervention. On average, parents and daycare staff added 1-5 new concepts per day for the participants, who continued to acquire unique language concepts (M ¼ 17-40 unique concepts expressed in 15-min probes 3-7 weeks post-intervention). The technology seemed to have a good contextual fit (cf., Granlund, Bj€ orck-Åkesson, Wilder, & Ylv en, 2008 ) with families and daycares, resulting in uptake and sustained use after intervention formally ended. The successful uptake may have resulted, in part, from the similarities between the VSD app and social media apps: the parents and caregivers quickly grasped the concept of using photos of meaningful activities tagged with relevant vocabulary as a platform to support communication.
A preliminary study by highlighted the importance of JIT programming specifically to support language learning during daily interactions. Using a single case alternating treatment design, they compared the effects of AAC technologies with VSDs, with and without JIT programming, across three participants with developmental disabilities and complex communication needs (aged 3-5 years). All of the children took significantly more communicative turns using the VSD app with JIT programming in 15 min interactions (M ¼ 19-29 turns) compared to the traditional app that did not support JIT programming (M ¼ 10-18 turns).
Similar positive effects have been observed with older beginning communicators (e.g., Drager et al., 2017; . For example, Holyfield et al. investigated the effects of an AAC app with VSDs, speech output, and JIT programming with beginning communicators with severe disabilities (aged 9-18 years). All of the participants demonstrated an increase in the number of communication turns they expressed after the VSD technology with JIT programming was introduced (i.e., mean gains of þ13 to þ26 turns across participants in 15-min interactions, with PND of 100% for all participants, indicating that the intervention was highly effective). The participants were able to learn to use VSDs appropriately in interactions with minimal intervention (i.e., only five intervention sessions). Drager et al. found similar results in another single case study involving nine beginning communicators with severe developmental disabilities (aged 8-20 years), all of whom demonstrated increases in the expression of symbolic communicative turns following introduction of AAC technology with VSDs and JIT programming.
Effects of JIT programming on communication partners
Research by Caron, Light, Davidoff, and Drager (2017) demonstrated that adults were able to quickly learn to programme AAC apps using JIT programming with minimal instruction. On average, they required 1 min to programme a new VSD with two hotspots, suggesting that they would be able to add five new VSDs with 10 new vocabulary concepts in 5 min. These adults expressed strong preference for these apps, which were quick and easy to programme, compared to others with more detailed, multi-step programming demands. Furthermore, speech-language pathologists were able to quickly learn to utilize JIT programming successfully during interactions with young children to respond to their needs and interests and add new VSDs and vocabulary on the fly .
JIT programming and children's engagement in vocabulary selection
One of the key benefits of VSD apps with JIT programming is the capacity to provide quick access to relevant vocabulary in the moment in response to a child's needs and interests. Given that VSDs capture meaningful events in children's lives, they provide a concrete means for young children to indicate their interest in concepts by selecting areas of the VSD. Ideally, JIT programming of vocabulary would be so simple and intuitive that children could participate in this process even at the early stages of language development, thus empowering them in their vocabulary acquisition (Light, 1997) . Holyfield, Drager, Light, and Caron (2017) explored the demands of JIT programming from a developmental standpoint with young children with typical development (aged 10-24 months). All were able to participate successfully in some aspects of JIT programming. As was expected, the oldest (aged 20-22 months) were more successful than the youngest (aged 10-13 months), even though there was individual variation across children. Despite the greater success of the older participants, it is important to note that even infants (less than a year old) successfully participated in some of the programming steps (drawing on the VSD, taking a photo as a VSD). Future research is required to identify the factors that contribute to successful participation and to design AAC technologies that better support children's involvement. If children with complex communication needs are able to participate successfully in JIT programming of their AAC systems, this involvement could bolster their language learning significantly by empowering the children to grab the contexts and vocabulary concepts of interest to them in the moment, and allowing them to use new concepts immediately to communicate (Holyfield et al., 2017) . found that young children with complex communication needs were highly engaged in the process of JIT programming, even though they were not able to independently programme vocabulary: They actively attended to the partner and/or the AAC technology 97% of the time that new VSDs were being added and 95% of the time that new hotspots and vocabulary were being added. The interactions between the participants and their adult partners, surrounding the JIT programming of VSDs and relevant vocabulary, served as rich supports for language learning. They provided opportunities for repetition of key language concepts associated with the experience, and for focused stimulation around the new concepts programmed as hotspots.
Future directions
Results of research to date are tantalizing, for they suggest that, by re-designing AAC technologies, it may be possible to bootstrap not only the expressive communication of children with complex communication needs, but also their language learning. AAC apps with VSDs, speech output, and JIT programming provide a rich context to support early semantic development during daily interactions. They also provide a means for children to independently explore new vocabulary concepts because the VSDs provide strong visual contextual supports for learning. Light et al. (2016) reported that the participants frequently played with their AAC technologies independently or with a sibling or peer, selecting hotspots from the VSDs to retrieve new concepts. Future research is required to further investigate the effects of VSD technologies with a wider range of beginning communicators with complex communication needs and their typical partners in natural settings and compare these effects to those of AAC technologies utilizing traditional grid displays. As children develop language skills over time, they think about the world in very different ways and require different types of AAC technologies to meet their needs, skills, and interests. There is a need to investigate which technology designs work best for which children at which stages of development and in which contexts. Ultimately this work will support precision AAC, that is, the customization of decisionmaking, intervention, and technologies to maximize outcomes for each individual with complex communication needs (see Beukelman, 2016) . VSDs represent just one approach to AAC displays; future research is required to investigate the effects of other approaches to the vocabulary, representation, organization, and layout of language for children with complex communication needs to support their development over time, including innovative approaches, not yet imagined, that depart from current practice. Future research and development must be driven by the needs and skills of children with complex communication and by what is known about language learning.
Future research and development is also required to enhance AAC technology supports for parents and service providers. The development of AAC apps that support JIT programming is one example of technology design that has substantially reduced the time and effort required of parents and professionals to implement AAC; in this case, to programme vocabulary. Future research should explore other ways that AAC technologies can be designed to reduce the burden on partners during interactions. For example, a recent meta-analysis by O'Neill et al. (2018) found that use of aided AAC input by partners was highly effective in supporting language development (both comprehension and expression) across participants with complex communication needs of various ages, disabilities, and language skills. Despite the benefits of aided AAC input, in practice, it can be challenging for partners to regularly implement this strategy in daily interactions (O'Neill et al., 2018) . Future research and development should consider ways to utilize AAC technologies to provide a rich and more complete model of AAC input, thus easing the burden on communication partners. One possible solution would be the utilization of dynamic JIT translation of partner speech into written text, graphic symbols, or signs (depending on the needs and skills of the individual with complex communication needs). Future work should also explore applications of machine learning to provide smart supports to guide service providers and parents in supporting their children's language learning. For example, AAC technology might track the vocabulary concepts available, compare these concepts to those acquired early in development, note imbalances in the range of concepts programmed, and suggest new concepts (e.g., verbs) that should be added to support language development in beginning communicators.
AAC supports to facilitate social interaction
Re-designing AAC technologies can serve to support not only vocabulary acquisition and language learning but also social interaction by (a) reducing joint attention demands and providing a shared context for young children and their partners, and (b) supporting the transition to displaced talk for children with complex communication needs.
Reducing joint attention demands and providing a shared context for interaction
Ella is 4 years-old and has a diagnosis of autism spectrum disorder. She lives at home with her parents and her younger brother. She likes to play with magnetic letters and she loves to look at books. She attends an inclusive preschool in the mornings with children with and without disabilities. She uses a few sign approximations to communicate and exchanges photos of familiar objects and activities to make requests. She has been introduced to AAC technology, but she has difficulty attending to the technology, the activity, and her partner. How can we design AAC supports to reduce these attentional demands and better support Ella's communication with familiar adults and peers?
At the early stages of language development, young children like Ella, and older beginning communicators, often have difficulty with joint attention (i.e., shifting attention from a partner to a shared activity and back) and, as result, struggle to participate in communicative interaction. In typical development, infants first learn to attend to a single focus-either their partner or an object (Brady et al., 2012) . For example, they learn to play peek-a-boo games or participate in "byebye" routines where their attention is focused on their partner, or to focus on an interesting object or activity (e.g., a toy). Later, they learn to coordinate joint attention between their partner and a shared activity. The development of joint attention marks a pivotal point in language development for young children; it provides the foundation for language learning as children follow their partner's attention and map language onto objects and actions accordingly. The research suggests that the development of joint attention may be challenging for some young children with developmental disabilities (e.g., Schertz, Odom, Baggett, & Sideris, 2013) . The challenges of joint attention are further magnified for young children who use aided AAC because they must learn to coordinate attention among the partner, the shared activity, and the AAC system (Smith, McCarthy, & Benigno, 2009) . If children struggle to coordinate attention across all three of these foci, they will have difficulty learning the associations between referents, spoken words, and their AAC symbols.
VSD supports to reduce joint attention demands in social interaction Light (1997) suggested that one way to reduce the increased joint attention demands for beginning communicators who use aided AAC is by infusing the shared activity into the AAC technology. For example, books can be added to AAC technologies as VSDs and relevant vocabulary can be added as hotspots. Young children with typical development talk as they interact with their environment. Utilizing VSDs may provide a mechanism to infuse the environment into AAC technologies, reducing joint attention demands and providing children with something to communicate about.
Infusing a shared activity (e.g., preferred book or video) into AAC technologies may also facilitate interaction for communication partners. Often parents, peers, and other communication partners struggle to determine motivating and meaningful opportunities for communication with children with complex communication needs. They may experience challenges understanding the children's communicative attempts and may have difficulty knowing what to talk about. VSDs may provide a shared context to support successful interaction for not only the individual with complex communication needs, but also his or her partner. Photo VSDs naturally provide partners with something to talk about and they establish a shared referent, thus increasing the likelihood of successful interaction. In fact, photographs (and videos) are ubiquitous in social media and serve as powerful supports for social interaction for everyone.
The research evidence Therrien and Light (2018) investigated the effects of AAC technologies on interactions between five preschoolers with ASD and their typical peers. The technologies included VSDs of preferred children's books with relevant vocabulary embedded as hotspots within the VSDs, thus integrating a shared activity and a means of communication, and reducing joint attention demands for the participants. As a result of intervention (including introduction of the AAC technology and instruction in turn taking for each dyad), four of the five participants with ASD demonstrated increased turn taking in interactions with their typical peers; the fifth demonstrated gains in instruction but not in the probes, perhaps because instruction had to be terminated early due to the end of the school year. The peers also benefitted from the intervention: all demonstrated increased turn taking with the children with ASD as a result of intervention. Average joint engagement increased for all dyads as well, although there was variation across sessions. The AAC technologies provided a shared context that supported not only the communication of the children with complex communication needs but also the peers without disabilities. Specifically, the technology provided the participants with something to do together and something to say, thus supporting their engagement and interaction. Unlike prior studies that have focused on training peer partners as instructors, Therrien and Light utilized AAC technologies as universal designs to support all of the participants in more equal, shared interaction.
Video VSDs to reduce joint attention demands in social interaction
Although books are powerful shared activities to facilitate social interaction, videos provide a highly preferred activity for many children with developmental disabilities and may serve as an effective context to promote communication as well. There are, of course, many technologies that support videos; however, typically they involve passive viewing and do not integrate AAC supports. Recently, proposed redesigning AAC apps to integrate VSDs into videos as communication supports (see https://tinyurl.com/rerc-on-aac-vVSD for a demonstration of video VSDs 6 ). Essentially, these technologies support (a) capturing video of motivating activities or downloading preferred videos; (b) pausing the video at key junctures, automatically creating VSDs; and (c) adding hotspots to the VSDs with relevant vocabulary to support communication about the video, just in time, in response to the child's interests. The use of videos with embedded VSDs appears promising for several reasons. First, the videos capitalize on preferred interests. Second, they reduce joint attention demands for children with complex communication needs because the AAC supports are integrated seamlessly into the video so there is no need for the child to shift attention between the video and a separate AAC system/app. Third, video VSDs preserve dynamic relationships and capture both the spatial and temporal cues found in the real world. Fourth, the motion within the video may serve to engage children with complex communication needs because motion is a powerful attractor of visual attention (cf. Jagaroo & Wilkinson, 2008) . Finally, automatic pausing of the video at key points explicitly marks the appropriate opportunity for communication and provides the necessary vocabulary within the VSD. When video VSD apps support JIT programming, these apps offer the added advantage of supporting the child's engagement in vocabulary selection and programming and the partner's responsivity to the child's interests.
The research evidence
Results of two preliminary studies support the effectiveness of video VSDs as a means to support social interactions. Caron, Laubscher, Light, and McNaughton (2018) implemented a single case experimental design to investigate the effects of video VSDs on the contingent communication turns of five participants with moderate-to-severe ASD and limited speech (aged 10-18) during interactions focused on preferred YouTube videos. At baseline, the participants took few communicative turns (M ¼ 0-28 across participants). When video VSDs were introduced (with vocabulary reflecting the individual interests of the participants), they all demonstrated significant increases in the frequency of their communication turns (M ¼ 24-82). Video VSDs were highly effective at increasing turn taking (Tau U of 0.93-1.00).
Chapin, McNaughton, Light, McCoy, and Caron (2018) investigated the effects of video VSDs on the communication of four preschoolers with ASD (aged 3-5 years) while viewing preferred videos. The preschoolers took few, if any, communication turns during baseline while watching the videos (M ¼ 0-13); after introduction of the videos with embedded VSDs and hotspots, the participants all increased their communication turns (M ¼ 3-25). Video VSDs were again found to be highly effective at supporting social interactions, this time for young children with ASD (Tau U of 0.92-1.00 across participants). Future research should investigate the effects of both photo VSDs and video VSDs on social interactions between children with complex communication needs and their communication partners, across a greater range of ages, activities, and environments.
Facilitating displaced talk by children with complex communication needs
VSDs and video VSDs can serve to facilitate social interaction by not only infusing shared activities (e.g., favourite books, videos, or TV shows) into AAC technologies but also facilitating the transition to displaced talk.
Charlie is 9 years old and has a diagnosis of severe autism spectrum disorder. He attends a specialized school programme for children with ASD; he lives at home with his parents. to ride his bike and go to the park to feed the fish. With prompting, he uses 20 speech approximations and 10 sign approximations. He understands one step directions and simple wh-questions. However, he has significant difficulty participating in displaced talk about past (or future) events. How can we design AAC technologies to support Charlie in learning to engage in displaced talk?
The challenge
As young children with typical development learn language, they are initially tied to the immediate environment in which they are communicating; their use of language is contextbound (Adamson & Bakeman, 2006) . Over time, they gradually learn to engage in displaced talk and communicate about objects, people, and events outside the here and now. This transition to displaced talk marks an important shift in language development that opens up many new learning opportunities and prepares children for school, where learning requires the understanding and use of displaced talk. Unfortunately, many children with developmental disabilities, like Charlie, may struggle to participate in displaced talk.
Video VSDs to support displaced talk
AAC technologies with video VSDs can be used to support displaced talk by capturing videos of meaningful experiences, pausing the video at any point to create a VSD, and adding appropriate vocabulary to support the child's communication about the experience. Video is highly transparent and serves to bring the past event to the here and now and make it more accessible for beginning communicators. This contextual support may function as a bridge to assist individuals with complex communication needs in displaced talk about past events.
The research evidence explored the effects of video VSDs as a means to support displaced talk in a single case pilot study with a 9-year-old boy with severe ASD during interactions about his school day focused on the question, "What have you been doing?" At baseline, with access to his typical means of communication (i.e., 20 speech approximations, signs, and conventional yes/no gestures), he struggled to participate in displaced talk about the events of the day (M ¼ 0.3 turns per minute). After the introduction of the video VSD app to capture key events in the day, he demonstrated significant increases in his communication turns per minute (M ¼ 2.6)-a gain of þ2.3 turns per minute. With increased communication, he was able to sustain longer social interactions.
Future directions
These preliminary results are promising; however, it is important to note that this study did not have experimental control. Future research is required to further investigate the effects of video VSDs as supports for displaced talk. This research should consider the effects not only on individuals with complex communication needs, but also on their partners who may also benefit from contextual support to enhance their understanding. For example, VSDs and video VSDs may provide powerful contextual or topic cues that may enhance partners' understanding of the communication of children with severe speech impairments. Future research is also required to explore the effects of partners capturing their own experiences through photo and video VSDs to share these events with beginning communicators with complex communication needs. Using video or photos in this way would serve as concrete visual supports to enhance comprehension of displaced talk by beginning communicators (e.g., a mother might capture video of her plane trip and share it with her preschooler, thereby establishing a shared context for communication as well as supports for her daughter to ask questions and extend her language learning).
AAC supports for literacy learning
Sara is 14 years old and has a diagnosis of Down syndrome. She lives at home with her parents and sisters and attends a special education programme at school. She loves the World Wrestling Federation (WWF). She uses speech as her primary means of communication, but her speech is highly unintelligible to unfamiliar partners. She did not receive adapted literacy instruction in school; she recognizes fewer than 10 sight words and knows approximately five letter sounds. Her family recognizes that literacy skills will provide an important tool for Sara to support her future participation in employment, healthcare, and community living. How can we design AAC technologies to support Sara's expressive communication and her acquisition of literacy skills?
The challenge
Given the importance of literacy skills in society, it is concerning that the majority of individuals with complex communication needs reach adulthood without functional literacy skills (Foley & Wolter, 2010) . There are numerous intrinsic and extrinsic factors that contribute to poor literacy outcomes, but one significant factor is the design of many AAC technologies. Most children with complex communication needs utilize AAC technologies/apps with visual scene displays (VSDs) or with grids of picture symbols; these technologies/apps do not support the transition from photographs or pictures to traditional orthography. VSDs for children typically do not provide access to written words. In the case of traditional grid displays, written words are often provided above the picture symbols and may appear in the message bar when the symbol is selected. However, the written words above the symbols are small and static and those in the message bar are displaced from the graphic symbols that are their referents. This design does not drive attention to the written orthography or support the acquisition of sight-word vocabulary.
AAC technology features to support literacy learning
It is possible to re-design AAC technologies to better support literacy learning by individuals with complex communication needs. Recently, Light, McNaughton, Jakobs, and Hershberger (2014) proposed a new feature, for both VSDs and grid-based systems, to support the transition to literacy (T2L). To date, development efforts have focused on a T2L feature to support reading of single words: (a) upon selection of a graphic symbol from the AAC display, the written text appears using dynamic smooth animation of the written word to draw visual attention to the text and support orthographic processing; (b) the text originates from the graphic symbol to support the association of the symbol and the text; (c) the written text gradually increases in size and ultimately replaces the graphic symbol on the display for 3 s to make the word salient; and, (d) when the written word appears on the screen, it is paired with speech output of the word to support phonological processing of the text (Light, McNaughton, Jakobs, & Hershberger, 2014) . The exposure to traditional orthography is infused into the individual's AAC system, thus ensuring that literacy learning is driven by the individual's interests and communication needs. (See Figure  2; visit https://tinyurl.com/rerc-on-aac-T2L for video examples of the T2L feature 7 within VSD and grid AAC apps.).
The research evidence
To date, a series of four experimental studies, all utilizing a single case multiple probe across participants designs, have been completed to investigate the effects of the T2L feature (incorporated into VSD or grid-based AAC apps) on the acquisition of sight words, and several additional studies are in progress. introduced the grid-based T2L AAC app to five school-aged students with ASD (aged 6-14 years) in structured one-onone sessions targeting 12 words. At baseline, the participants performed at low levels of accuracy in reading the words (measured by matching the words to the correct picture symbol from a field of four); after five to eight intervention sessions involving use of the T2L grid-based app alone (without literacy instruction), all five acquired the target words (range ¼ 75-92%) and demonstrated generalization to functional use of the words to communicate using a grid display with written words only. Tau U was 1.00 for all participants, demonstrating a very large intervention effect. On average, the students required 20-32 presentations of the dynamic text (3 s exposure for each presentation) to acquire the sight words (i.e., M ¼ 1-1.5 min of exposure in total per word for learning). Mandak, Light, and McNaughton (2018) investigated the effects of the VSD T2L app, targeting 10 sight words, during shared reading of a storybook with three preliterate preschoolers with ASD (aged 3-4 years). All participants demonstrated successful acquisition of the target sight words (77-100% accuracy across participants). Tau U was 0.41, suggesting a moderate effect of the VSD T2L app, for one participant; Tau Us were 0.63 and 0.76, suggesting large effects, for the other two. The preschoolers required an average of 24 presentations (3 s each) within the shared book reading to acquire each sight word (less than 2 min of total exposure per word), suggesting the powerful effects of motion on visual attention to the orthographic text. Boyle (2018) extended this research and investigated the effects of the T2L VSD app on the acquisition of 10 sight words during a shared book reading activity with six preliterate preschoolers with developmental delays or Down syndrome in small groups with their peers without disabilities; all participants demonstrated positive gains in reading 10 target sight words as a result of the intervention with the T2L VSD app. Tau U was 0.84-1.00 across the six participants, indicating very large effects of the T2L app. On average, the participants with developmental disabilities required 2-7 min of exposure per word for acquisition within the small group activities. investigated the effects of the VSD T2L app with six non-literate adults with severe intellectual developmental disabilities (aged 22-55 years). This study targeted 10 sight words for high preference activities (e.g., bowling), and the T2L VSD app was introduced in the context of social interaction about these preferred activities. Results of the study were mixed. Three of the six participants did not demonstrate increases in their Figure 2 . An example of the dynamic text (T2L; transition to literacy) feature on a grid display (reprinted from . Upon selection of the graphic symbol with a static text label (image on left), the text alone zooms out from the graphic symbol (image in the middle); the text then fills the screen for 3 s and the word is spoken (image on the right) before the text fades back into the graphic symbol. See https://tinyurl.com/rerc-on-aac-T2L for videos demonstrating the T2L feature with VSD and grid displays.
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The transition to literacy (T2L) feature for VSD apps was initially developed under the RERC on AAC by InvoTek, Inc., 1026 Riverview Dr. Alma, AR 72921, USA; www.invotek.org. Commercially available AAC apps that support VSDs with the T2L feature include: GoVisualTM available from Attainment Company, 504 Commerce Parkway, Verona, WI 53593, USA; www.attainmentcompany. com/govisual; and Snap Scene available from Tobii Dynavox, 2100 Wharton St., Suite 400, Pittsburgh, PA 15203, USA; www.tobiidynavox.com/en-US/ software/iPad-apps/snap-scene/. The transition to literacy (T2L) feature for grid-based apps was developed by, and is available from, Saltillo, 2143 Township Rd. 112, Millersburg, OH 44654, USA; https://saltillo.com/ sight-word reading with exposure to the T2L VSD app alone; however, the other three demonstrated positive gains, maintained these gains at least a month after intervention had ended, and generalized learning to novel stimuli (i.e., novel photo representations of the words). These positive results are of note, given the severity of the participants' disabilities, their previous lack of success with literacy instruction, the relatively short time they were exposed to the app, and the simplicity of the intervention (i.e., exposure to the T2L feature built into the app).
It is important to emphasize that the T2L feature is intended to complement, not replace, evidence-based literacy instruction. In order to isolate the effects of the T2L feature on single word reading, in these studies, the participants did not receive any literacy instruction or feedback; the observed gains resulted solely from the exposure to the dynamic text, paired with speech output, within the AAC apps, suggesting the potential power of this technology design. In fact, the participants in these studies increased their sight-word reading skills with only limited exposure to the written words.
Future directions
These studies suggest the potential promise of harnessing AAC technologies not just to support expressive communication, but also to support literacy learning. However, future research is required to replicate the results of these studies with other individuals with complex communication needs of different ages and disabilities. Research is also required to investigate whether the T2L feature works best when used only during specific activities or when integrated into communication throughout the day. Moreover, research is required to investigate the effects of the T2L feature on communicative interaction, including the perception and performance of the individual with complex communication needs and those of the communication partner. Clearly, literacy skills must extend well beyond acquiring a set of sight words. Future research and development is also required with regard to designing AAC technologies to support learning other literacy skills beyond single-word reading (e.g., phonological awareness, letter sound correspondences, decoding skills, reading comprehension, writing skills).
AAC supports for participation in educational, vocational, and community activities James is a 17-year old student with severe ASD. He lives in a rural area and is very interested in farm equipment. He understands simple questions and follows simple directions. He has no functional speech and communicates primarily through yes/no responses to partner questions. He is currently participating in a vocational training program and works in the school library. His responsibilities include checking books in and out, re-shelving them, and making dye cuts. Each of these tasks involves numerous steps and communication demands. Despite instruction, he remains very dependent on his job coach to assist him in completing his work tasks, and he rarely communicates. How can we design AAC technologies to support James' independent participation and communication in his job?
The challenge
If individuals with complex communication needs are to participate successfully in educational, vocational, family, healthcare, and community environments, they need to acquire a wide range of skills, including the ability to complete typical tasks as well as meet the communication demands within these activities. AAC technologies offer the potential to not only support expressive communication but also provide instructional supports to foster other educational, vocational, and community skills. There is robust research literature that demonstrates the effectiveness of video modelling as a means to teach children and adults to complete the necessary steps in a wide range of tasks (Bellini & Akullian, 2007) . Unfortunately, video modelling apps do not provide supports for communication for those that require AAC, which means individuals with complex communication needs must manage separately the video models and their AAC supports, substantially increasing demands.
Video VSDs to support participation
As noted earlier, conceptualized a new AAC technology utilizing video VSDs. This technology can be used not only to support social interaction (as described earlier) but also to integrate AAC supports and video modelling. Essentially, the app allows a partner to capture video of successful completion of target educational, vocational, healthcare, daily living, or community activities (e.g., taking the bus to work, buying groceries, checking in books at the library), using an onboard camera or via wireless transfer from another source. The video is then paused following each step of the task, providing the opportunity for the learner to complete that step. Each time the video is paused, hotspots can be added to the VSD, providing the vocabulary required to meet the communication demands of the situation (e.g., greeting the bus driver).
The research evidence
Preliminary research by O'Neill, Light, and McNaughton (2017) and by Babb, Gormley, McNaughton, and Light (2018) suggests that video VSDs are an effective means to increase the independent communication and participation of adolescents and young adults with complex communication needs in vocational and community activities. For example, in a pilot case study, O'Neill et al. (2017) explored video VSDs to teach an adolescent with ASD to independently complete three vocational and community tasks (i.e., completing a shredding job, working in a print shop, riding the bus). The participant quickly learned to use the video VSD app and demonstrated gains in the percentage of task steps and communication opportunities completed accurately and independently across the three tasks while using the video VSD app: Her performance at her job at the print shop increased from 15% at baseline to 75% after only three intervention sessions; her performance taking public transportation increased from 22% at baseline to 100% after eight sessions; and her performance at her shredding job increased from 10% at baseline to 100% after five sessions. These results are promising but should be interpreted cautiously as the case report did not establish experimental control. Babb et al. (2018) extended this preliminary research and investigated the effects of the video VSD app with an adult with ASD and no speech in three vocational tasks using a multiple probe across behaviours experimental design (i.e., checking in books at the library, sorting library books for reshelving, completing dye cuts). At baseline, the participant completed, on average, 8%, 5%, and 15% of the steps in these tasks independently. After minimal intervention with the video VSD app (i.e., three to six sessions across the three tasks), he attained mastery (> 90% successful independent completion of all task and communication requirements) in all three tasks. He maintained mastery in probes conducted 1, 3, and 5 weeks post-intervention. Furthermore, he generalized use of the video VSD app to support his participation and communication in a completely new task (i.e., a shredding job) without any instruction, demonstrating an immediate increase in successful independent participation.
Future directions
Ultimately, video VSD technology could reduce dependence on professionals (e.g., teachers, job coaches, paraprofessionals) and create increased opportunities for employment and independent participation in meaningful community activities for individuals with complex communication needs. Future research is required to replicate these preliminary results and to extend these studies to investigate the use of video VSDs as a means to increase communication and participation for individuals who require AAC of various ages and disabilities across a wide range of contexts (e.g., educational, vocational, healthcare, daily care, social, community living).
Supports to teach communication partners knowledge and skills
Successful communication depends on both participants in the interaction. Therefore, AAC intervention must consider not just the needs of individuals that require AAC, but also those of their communication partners. To date, researchers and developers of AAC technologies have focused primarily on providing supports for individuals with complex communication needs . However, it is challenging for parents and other partners to interact effectively with children with complex communication needs, especially with those that are beginning communicators and require significant scaffolding support. AAC technologies offer the potential to provide supports not only for children with complex communication needs, but also for parents, professionals, and peers.
Brianne attends middle school and volunteers 3 times a week in a class for students with severe multiple disabilities. She and her friends try to plan social activities with the students with multiple disabilities, but they have difficulty understanding the students' communicative attempts. Many of the students with multiple disabilities are presymbolic and use non-conventional means to communicate. Brianne and her friends have trouble knowing what the students are communicating and responding consistently to these attempts. How can we design AAC technologies to support Brianne and her friends in recognizing and responding consistently to the communicative behaviours of their peers with multiple disabilities?
The challenge Peers (like Brianne), parents, and other communication partners may require instruction to learn effective interaction strategies (e.g., modelling AAC use, waiting, and allowing time for communication, recognizing, and responding to communication attempts). Kent-Walsh et al. (2015) completed a meta-analysis of the effects of partner instruction on the communication of individuals with complex communication needs. They concluded that partner instruction was highly effective and efficient: With only minimal instruction, communication partners learned to use targeted interaction strategies successfully and the changes in partner strategies resulted in gains across various outcomes (pragmatic, semantic, syntactic/morphological) for individuals with complex communication needs. In these studies, partner instruction was typically implemented in one-on-one sessions by a trained researcher. Unfortunately, this type of training is not always a key component of typical practice due to service delivery and funding constraints. Furthermore, training is not available to partners "just in time" as required to support interactions. Rather, it is dependent on the availability of a professional who is knowledgeable and skilled in partner instruction. As a result, many parents, peers, and other partners may not have access to the training they need when they need it .
Video VSDs to teach partners knowledge and skills
Video VSD technology may offer an alternative medium to teach partners appropriate interaction strategies to support the communication of individuals with complex communication needs. Just as video VSD technology is an effective means to teach new skills to individuals who use AAC, so too may it prove to be an effective way to teach interaction strategies to communication partners. Furthermore, if these video supports for partner training are infused into the AAC technologies used by children with complex communication needs, they will be available to partners as required during naturally-occurring interactions. Incorporating partner training into AAC technologies offers a number of potential advantages compared to traditional partner training formats that typically involve one-on-one (or small group) instruction of partners by the AAC team: (a) instruction is readily available to a wide range of partners at any time for practice or review; (b) it can be accessed "just in time" should the need arise during interaction with the individual with complex communication needs; (c) it can be delivered in the moment in short bursts, thus minimizing time demands for partners; and (d) it is easily customizable to meet the needs of the individual who uses AAC using onboard cameras and other tools.
The research evidence Holyfield, Light, Drager, McNaughton, and Gormley (2018) utilized video VSDs to teach middle school peers to recognize and interpret correctly the presymbolic communication behaviours of students with severe multiple disabilities. They collected videos of the students with multiple disabilities during their daily interactions at school; each time the student produced a communicative behaviour, the video was paused to create a VSD and add a hotspot that labelled the behaviour with the appropriate linguistic map (e.g., "unhappy", "funny'', "want it") to help partners respond to the behaviours consistently. The study utilized a pre-test-post-test control group design to evaluate the impact of the training (using video VSDs) on the performance of 24 peers interpreting specific communicative and non-communicative behaviours of the three middle-school students with multiple disabilities. Prior to training, the peers in both the experimental and control groups were inconsistent in their interpretations of the behaviours of the students with multiple disabilities, with means of only 33% and 31% accuracy across the experimental and control groups, respectively. After training, the peers in the experimental group demonstrated significant improvements in accuracy (M ¼ 86%) compared to peers in the control group, who received no training and demonstrated no gains (M ¼ 28%).
Future directions
Future research is required to explore the effects of video VSDs as a training media with a range of stakeholders (e.g., parents, siblings, peers, teachers, paraprofessionals, personal care attendants, medical professionals) in their interactions with a range of individuals who use AAC across a range of real world contexts. Future research and development is also required to determine effective user interfaces to integrate AAC supports for individuals with complex communication needs and JIT training supports for communication partners. Finally, it will be important to evaluate the relative effectiveness of this approach compared to more traditional face-toface partner training.
Conclusion
The AAC technologies described in this paper represent new and emerging, research-based, developmentally appropriate approaches to (a) support children with complex communication needs in language learning, social interaction, literacy acquisition, and participation in society; and (b) provide interaction and instructional supports for their parents, service providers, peers, and other communication partners. AAC interventions that utilize VSD or video VSD technologies also have an important collateral effect: Since they are designed to capture authentic life events, they focus intervention on communication and participation during meaningful activities within the lives of individuals with complex communication needs. Historically, AAC interventions with children have seldom actually targeted real-life circumstances within families (Granlund et al., 2008) . In their review of 20 years of communication intervention research with individuals with severe intellectual and developmental disabilities, Snell et al. (2010) reported that, in almost half of the studies, intervention was delivered in decontextualized settings, removed from the natural environment and in more than 50% of the studies, the intervention was delivered by a researcher, not a natural communication partner. Utilizing AAC technologies with VSDs or video VSDs drives AAC intervention away from segregated clinic rooms and into real life interactions. This approach focuses intervention on supporting the communication and participation of individuals with complex communication needs across a wide range of meaningful real-world contexts: home, school, work, healthcare, and community . It also ensures greater contextual fit with the lives of children with complex communication needs, their families, and other communication partners, including those from diverse cultural backgrounds, as the experiences captured in VSDs and video VSDs reflect the authentic experiences of these individuals.
Despite the advances in AAC to date, the work of developing effective AAC supports and interventions for children with complex communication needs and their communication partners is still in its infancy. Future research and development is required around other technological innovations (e.g., sensing technologies, GPS and context recognition, augmented reality, machine learning/artificial intelligence) that might improve AAC technology solutions for children with developmental disabilities and their communication partners (see Light, McNaughton et al., 2019) . It is absolutely critical that this future research and development is driven not by the technology, but rather by the needs and skills of the primary end users: individuals with complex communication needs and their partners. Research is urgently required to advance understanding of the cognitive, motor, sensoryperceptual, linguistic, and social processes of children with complex communication needs and their partners at different stages of development to ensure that AAC technologies are developmentally appropriate, impose minimal learning demands, are motivating and appealing, and accommodate changes in needs and skills seamlessly over time. Despite the important role of AAC technologies, these supports alone are not enough; rather children with complex communication needs also require evidence-based instruction to learn the linguistic, operational, social, and strategic skills required to develop communicative competence.
It is essential that we ensure the effective translation of evidence-based AAC technologies and intervention to practice. Unfortunately, there remains a substantial gap between what the research has demonstrated is possible and what is most likely to occur in the lives of children with complex disabilities who require AAC. There is an urgent need for more effective technology transfer, research dissemination, and training to build capacity in the field across stakeholders and support the effective diffusion of innovation. Also required is a deep commitment to the fundamental right of all children to have the opportunity to participate fully in society and attain their full potential.
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